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IN THE UNITED STATES PA TENT AND TRADEMARK Ofpir^ 
In re application of 

Ulf TTLSTAM. et al. Group Art Unit: 1623 

Serial No.: 09/471,040 Examiner: How** V. Owens 

Filed; December 23, 1999 

For PROCESS FOR THE PRODUCTION OP FLUDARABINE-FHOSPHATE 

LITHIUM, SODIUM, POTASSIUM, CALCIUM AND MAGNESIUM SALTS AND 
PURIFICATION PROCESS FOR THE PRODUCTION OF FLUDARaBINE- 
PHOSPHATE AND FLUDARABINE-PHOSPHATE WITH A PURITY OF AT 
LEAST 99.5% 

DECLARATIO N UNDER C.y.R. 81.132 

Mail Stop AF 
Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 - ~ " 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re appUcarjon of 
Ulf TILSTAM. et al. 
Serial No.: 09/471,040 
Filed: December 23, 1999 

For PROCESS FOR THE PRODUCTION OF FLUDARABuNE-PHOSPHATE 

LITHIUM, SODIUM, POTASSIUM, CALCIUM AND MAGNESIUM SALTS AND 
PURIFICATION PROCESS FOR THE PRODUCTION OF FLUDaRABINE- 
PHOSPHATE AND FLUD ARaBINE-PHOSPHATE WITH A PURITY OF AT 
LEAST 99.5% 

DECLARATION UNpfiR CfJSL ft. 112 

Mail Stop AF 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

I, Ulf TUstam, being duly warned, declare that: lama citizen of Belgium, residing at 
De Grunne laan 40, S-1970 Wezembeek Oppem. Belgium. 

I possess the degree of a Doctor of Natural Sciences, having studied Chemistry at the 
Royal Institute of Technology in Stockholm, Sweden. 

Between March 1, 1990 and August 31, 2002, 1 had been employed as a Chemist by 
Schering, Atojengesellschaft, Berlin, Germany. 

I am a member of the Royal Society of Chemistry, the American Chemical Society, 
the German Chemioal Society and the Swedish Chemical Society. 

I am an inventor of the above-capiioned application and am. therefore, familiar with 
the invention described therein and with the grounds of rejection in view of U.S. Patent No. 
4,357,324 (Montgomery) made against the claims of the application in the Office Action 
mailed January 2, 2003 from the U.S. Patent and Trademark Office. Under German law I 
will receive royalties as an inventor once the patent issues because this invention is 
commeroialhed. 

Under my supervision, process experiments using lithium, sodium, potassium, 
calcium and magnesium salts were conducted for the production of a pure fludarabine- 
phosphate (active ingredient in Fludara® (BerJex Labs, wholly owned U.S. subsidiary of 
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Sobering AG)) compound having 8 purity 0 f at least 99.5% (see Examples 2 to 5) 
Heretofore, such purity could not be achieved for fludarabine-phosphate. 

A* explained in the ipecificadoa at the paragraph bridging pages l- 2 (and DE 
19S43052A1 discussed below), conventional methods for producing fludarabine-phosphate 
require reacting waning materials and cr>,ta«*ng fc resuWng fl^^^ jn 
water. Effective temperatures for the crystallizations are approximately 75«C, which destroys 
a pomon of the fludarabine-phosphate upon coohng due m its thermal instability in water 
Thus, conventtonal purification techniques cannot be applied to obtain a purity of 99 5% or 
greater because such purifications are again perfonned under such aqueous conditions, which 
creates additional impurities. 

Crystallizations of fludarabine-pbospbare in organic solvents, such as dimethyl 
formarnide, acetonitril*. and many other*, to avoid *c use of water have been attempted. 
However, a different, solid form of fludarabine-pbosphate was always obtained. 

Moreover, Montgomery does not resolve this problem. Particularly, Montgomery 
exemplifies the production of fludarabine-phosphate by lyophilisation. See example 2 at 
column 4. However, iyopjulized fludarabine-phosphate is an amorphous compound and not 
me crystalline form used as drug substance. To obtain a substance suitable for use as a drug 
The amorphous lyphilisate must be recrystallized. Such a recrystaltoion is again carried out' 
as above, ,.e., in water, which is heated to around 7FC, followed by rapid cooling to around 
109C 304 SUbs * quent isolatio * °f crystaflized material. Consequently, the fludarabine- 
phosphate decomposes during the realisation pr0C css, resulting in a lower purity as 
discussed in die specification. 

It is no. simple as presumed fa the offiee arte „ pur ay fludarahina^hosphate 
parfafly ta. of *. M a ^ before ^ ^ 

process used to prep,™™ of fludara^piosptee yields only . ra «in, m pmry of 
9W7%, « a lab-** or ofcerwisa. Tfcu 2 J% of fi<< ^ 

^maaaUag. If it were as easy or even possiWe, as m^i by ^ amim> „ ^ 
fluda^.e-phosphae I0 ^ aesjn!d ^ ^ ^ ^ ^ ^ > 

.mpmties u. be comained to . eoa^erda, ^ pmiaa? c|sady j( ^ ^ 
phosphate to any desired degree. 



anacJTTt" - ^ * *™ - ** **** «• « 

J.h*pha.e m water dearoys a poS«T6f * fludanO.^^ rf jts 
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stability in water. See last paragraph at page 1 of the ^ ^ ^ 
contains six samples all using various ion exchange resins to purify fludarabine-phosphatc 
In no case is the purity at least 99.5%. The results of these examples were as follows- 



Example 


1 Ion Fyrftangft 
Material 


% Impurity 


fludarahine- 
phosphate purity 


2 


Ambeilite A252C 


1.24% 


98.76% 


3 


Amberu'tc A252C & 
Charcoal 


1.09% 


98.91% 


4 


OuoliteCU33 


1.57% — 


98.43% 


5 


IRC 50 ~ 


1.5% 


98.5% 


6 


AXAD-7 


1.7% ' ' 


98.3% 


7 


oowex SOX2-200 


1.2% 


98.8% 



Another experiment has also been performed (see the attached table (ATTACHMENT 
A)) depicting in detail the nature of the umiurities which are involved when fludarabinc- 
phosphate is purified with another such typical ion exchange resin, AMBERLITE IR 120. 
The purification was conducted, analogously to the procedures used in DE 19543052 Al by 
dissolving fludarabine-phosphate of a 97.67% starting purity in a reaction vessel combing 
■a excess amount of resin at 75- C, stirring for 8 minutes, filtering of the resin and rapidly 
cooling the solution to room temperature. After eijiaUtaA* is the obtained product filtered 
and dried. Also in this case is i, essential to dissolve fludarabine-phosphate in hot water 
which of course cause* partial degradation of the material. The degree of degradation is of 
course al*, depended upon which scale the purification is performed. The purification 
method using ion exchange resin, could only be used on a maximum scale of 100 . 
fludarabme-phosphate. The purity of the filtered product was determined using KPIC All 
eluted peaks were set at 100% and then the single peaks were analyzed by the conventional 
rule of three, to get the amount of single impurities. As can be seen, the content of many of 
the -punties was lowered by the io„ exchange treatment, but in several cases the impunry 
content actualjy increased, due to the effects of this process. As a result, the total purity 
obtained was only 99. 14%. The purities reported herein were determined to four significant 
figures wjth the only uncertain digit being « * c huncje4tns pofiWon . ^ , 
obtamed clearly demonstrate* mat even an error in the hundredths position of the large* 
degree would not cause the 99. 14% value to overlap with a purity of 99.5%). The value of 
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99.14% renre*.*- wgto, ever-achjevea purity fefl^^^ (MhoiM 

*. ™ of thi, apphcannn,. ^ fc lB1 ^ of By tesMKh M ^ 

above, and everyone else in the field as far as 1 am aware. 

Thus, employ^ best eta using any ,vail. W e 0(ior „ ottiairati<m 

ea^., be purified to an arooan, =f 99 .5V. or greater as reo.uired by * 

Karh^a* gained above, «Uy si^cantly lOTrer pU rid« „e poasib.e. u l<« 
*™ — * - - preparation process, de^ed „ ^ ^ ^ 

* h„ wa*r. bad to be c^ignea. This i, the process of tni. invention. « „ ^ 

ZT ' T* us ' ^ tmM »~ «• - 
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m. , f odn a,^ ^ of fluteihiaMl<lspha , e ^ 
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so roade are pun.ahabie by fin. or imprisonment, or bo*, under secHon ,00. of Tile ,« „ 
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DEUTSCHE* 
PATWTAMT 



@ Akxonzetchen: 1 9543052-2 
@ Anmetaewg: 6-11.95 
@ Offenjegungsrag: 7. 5.97 
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(£)AnmeJden 


@ Erfmder 


Schering AG. 13353 Berlin. PE 


TiJstam, Ltff, Dr., 13359 Bertin, DE; Schmirz, Thomas, 


Dr., 10997 Bertin, OE; Nicfcsch, Klaus, Dr., 12307 




Berlin, DE 




(§) Entgegenhanungon: 




US 4357324 



Prifungsanirag gem- 5 44 Part* isr gestelft 

® Verfahrcm air Hefsvsf Jung und Remigung von Ruderabin-Phosphat und die Vetwendung von sanren 
lonenaustauschcro im Verfanren 

® Pie ErfiiKluTvg bwiftt cfo Verf&hren jut HerocJUing una 
RmnreuRd von RudareWnpJwphai imd tffe Venwodung wn 
Bfluren (ooanausxauschem *ra V^rfahnm. 
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DE 195 43 052 Al 

1 2 

Bescbrdbung kisrc Lostrag wird auf Raumteniperanjr abgdolbh und 

3Tage gefnbn,um ausdemGd era Knsialusat zu ernai- 

Pic EHmdung berrinH on Verfabren zur HersteOirag ten, nnsrhficBcnd wird abgcsaogx and mh Wasser und 

und Rdnigung von Fhidarabmpbospbax und die Vcr- Erbanoi gewascben. Das erhaltcnr KrisialEsai wird ge- 

wenduug voa sauren Ic ^eq aos ra u sri icrn tut Heme)- s trodmei.6 l 0g(60%dTb^ 

toe and Rfinigimg von F Tndarabm- phospto. 

rludarabuvpboiipftaT ist der "Imcnjanoaal Nonpro- BEISPIEL2 
prirtary Name? (JNN) voa 9H-Purn>^amux>-2-fhx>r~ 

9^5^phosh«w^D-arahn»fa^ IO0g (27,4 rama!) rTod^&ra-pbospbar wird in 

pbospbai. Die ersxe Synibese der Vorsmfe des Flodar- jq 150 ml Wasser bo 88*0 gdost rod 15g iQcenauswu- 

abn*i>bQspbal, dcm 9-p-E>-A«lwiofara»osYt -2-flaroa- scber A2S2Cwerden zagcgcbea. We Lteuog 
deem wird in US-PS 4488378 bescbriebeu. Diese Sub- Turccbcr wird 8 Mm geruhrt und ftm^hltffim! scbndl 
stanz wcist sialic cygHoxische Eigc mchaft cn auf nod ca 61mm. Die klarc Losung wird auf Rwmmpemur 
wurdcu verscbiedenc Denote davon, mh dem 25d der abgekubh. Die KristaBsuspeusian wird fiber Nacbi bd 

Re4n»ertmg von Nebeirwirfcungen, hcrgrsrHft Inner- is RT webengefassen, anybfiefiend wird abgesaugt und 

balb der US-PS 4,357,324 wird das 5"- Pbospbai (Pro- das Kriscauisat mit Wasser and Esbaaol gewascbcsL 

drugfr also das fludaTabnvpn^^ Nac^dcrlVodcziun^erb^zaw5^g(54%d.Th.). 
hmg bescbrieben, In wenereo Scnriften, beispietgwdse 

US-PS 4,210,745, WO 91/03215, W094/J2514 nod BElSPIEi-3 

DE4141454A1. werden ahemadve HersxeBungsver*- zu 

febrsn bescbrieben- 10,0 g (27v*suboQ Fbda^w-pbappuat wird in 

Per derzeh benume Hersrelbingsweg gebt von 150mi Wasser bei 85*0 getost und 15g loncnacsiau- 

S^D-Arabmofuranosyl -2-Quroadenin aus, das mil Tri- scber A252 C and 2 g Akriv Konle werden zugegebe& 

mediy|pbospbai and Pnospbonayduorid omgesem Pic Miscbung wird 8 Min. gerubn und "T^rBf fi f n d 

wird{I%o^boiy|weriizig> Diese Edwbtc werden wmge- 2$ schneQ ftlmcrt Die Idare l£s^ 

sem und anscbueBead aus Wasser fcrerallram. Die bd raxur gckuait. Die Krisiaflsuspciisian wird uber Nacbt 

der UmkristaKsadon anzuwendende Tempcratur von bei RT siebengeJassen, anscbEeficnd wird abgesaugi 

etwa 75°C aerstGrt eiocs Tefl der SnbsxanZr da Ftudor- und das KrmalCsainni Wasser andEtbandgewascberu 

abw-pba^bai bei dieser Tempcratur dxenmscb instabij N^derTWiclqurogcib^roan5^g(5(/%dTlx.> 

wl Nadnesbg isr weiicr, daB diese aus dem S»nd der 30 

Te cbnik beicanme Uintajsialli'gadon nor ta eincr sebwa^ 3£lSfTCL4 
dieu Verbesserung der Reiobcit fubix and das Verfab- 

renimrinUeineaAissaizgroSen. jC^Og (27 f 4wcoD Flodarabin-phospbai wird an 

Aufgabe der vorfiegenden Erfindung i« em verbes- 150 u$ Wasser bei 88° C fielosx und 15 g Ionenansiatt- 

sertes Kcrstellungs- und fteuugungsverfahreu berchzu- s> scber Pontile CU 33 wird zugegebca, Die LSsong mil 

sieBav wejebes tu einer deatbeb verbesscrten QuabCU dem Tanscber wird 8 Mm, gerunrt und ^n^^ft^n^ 

von Fludarabin-pbo5pbai fflbn und was tm groBtrrhm- sdrndl nbriert* Die klare l^osuag darf von allcine auf 

scben Verfabren nroblemlos aocb auf gro0e Mengen Raujn^mperamr kormncu Die KJis^aiisuspendon wird 

angewendet wenjen kana Ober Nacbt bei RT srrttfttgejassciw anscnUenend wird 

Gejos* wird diese Aufgabe gemaB der Lenre der Pa- 40 abgesaugi und das Krisial&ai mh Wasser und Etbanol 

icatansprucbe. gewascbeu Kacb der TVocJmung erbah man « g {52% 

Das bescbricbeue Verfabren zur HersxcJJung end Ref- &Tk± 
nigung von XHuclai^bm-pbospbai gebt vom Rohproduki 

aus, dad durcb Umsetzong von 9-^D^Arabinofuran- 0£ISPlELS 

osyl^Ouroadenin mil TruncibytpbospbaT und ^ 

rlw>$pbOTTcw5ycbJorid erbaJien wird. Dieses Robprodujci 20jOg (543mmol) Bodarabm-pbospbaT wird in 

wird durcb OmJcriscainsanon aus ciusah^cm Wasser. l>ei iSQml Wasser bei 88°C gdosi und 4 g lonenausiao- 

AnwesenbeU von 20—200 Cewicbrsprozenc emes sau- scber IRC 50 zugegcbezL Die Losung mis dcm Tanscber 

ren, kaponiscfaeii lonenau swi tsc ner beaogen auf die ein> wird 8 Min, gerubn und ansebfiedeed schneH fihrien. 

geseme Menge Rudarabm-pbospnai und gegebencn- sq Die blare Losung darf von afldne auf Raumiexnperaiur 

faUs Zusau von Aknvjcoble umkrisuliisicn- knmmcn. Kc Krisuulsuspcnsion wird nber Nacbi bd 

Mi; VoneB erfolgi die UmkristaJbsauon bd Tempe* RT swbengeJassen, anscbbeBend wird abgesaugi und 

raiuren voa 70-90° Q vorzugsweisc 85-90*C, mfc be- das Kriswttisai mh Wasser und Ei&anoJ gewascbea 

sonderem Vonea bd 88° C Nacb der Troctaumg erbaU man 14,4 g (72% dTh.y 

AJs zu verwendende saure, V a n c m is cbc lonenauscaa- 55 

scber dgiicnsicbbeispielswiwAinberfi^ BEISPJEL6 
5a Dowea oder deren Gcxniscbe davoq. 

Bd der Anwendung des erfincbm^gciimBen Verfab- iMg (27,4 mmol) Hudarabin-pbospbai wird in 

rens erbalt man Fbtdarabin in einer deuweb verbesser- 150 ml Wasser + 88*C gelosi und 2 g loneaanmoscner 

ten Qualhav und mil einer Gesamtausbcuie von Ober ^ AXAD-7 wird zugegebm Die Losung mil dcm Tau* 

70%. scber wird 8 Mia gerubn und anscfabeBend sebnefl fU- 

Die naebfoSgenden Beispiele soUcn die Erfbtdung nt- tnert Die Uare Losung darf von aBdne auf Raumiem- 

perertauxern: pcraiur icnmmen. Die KnsuOlsuspjension wird uber 

Nadu bd RT siebcsgeZassen, anschbeb>nd wird abge~ 

BEISPDELl 65 saugi und das Krisiauisatma Wasser und Eibanolgewa- 

scbcit Nadi der Trocknung crtaii man 7^4 g (74% d-Tb-> 

IQOg (27,4 mmol) IHudarabm-pbospbat wird in 
150ml Wasser bd 88°C gcjdsi und beiB fuirien. Die 
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BHSPIEL7 

tOiOg (27^mmoI) Fludarabin-pbosphm; wnd is 
150 ml Wasser + 88"C gd&t und 15 g kwcnausuu- 
scto Dove* SOX2-200 wirtJ 2u^egeben- Pie tfisung 5 
mhdemTansc^wird8M»gcrfIto 
scfcnelj fiftrieru Ok Ware ZAsuog darf von allejne asf 
Raumiemperanir kommea. Die KrewIIsBspexisoa wnd 
Ober Nachi RT sicftcngrtfrtsen, a n s rh ficgc n d wird 
abscsaugx u^d das Krewlfisat nm Wasser and Etfwool 10 
gewascben. N3ch4crTrockBungerhaninaii6^g(65% 



Paceaiaospruc&e 



15 



1. Verfahren zur Hcrsxdlung und Reinigwng von 
Budarabia-pbosphai aits 

2-ftuor03denin, Tronedrylpbospba* und Phorpho- 
raxychtorid, dadwcb g eirnmr cicho^, daB das er- 
baliene fesxe RRtfrion^rodufr (Krotaftisai} aus 20 
eaisaizien Wasser be* Anwe^eohea von 
20— 200Gew.% sauren, ta Ty misr ft en lonenscan- 
scber, bczogtai auf dtc eingcseme Menge Flnda?- 
abia-pkosphai und gegebenenfalte Aknvkohkv urn- 
knsiaJlisicrTWd. 2s 

2. Verfahren nacb Anspmcfc a, dsdurch gdtcno- 
zesdwei, daB die UmkrittaBisauon b« Tcmperaw- 
ren von 70—90° C durchgefQbrt wird. 

1 Vejf afcren nacb den Aospriichen I und 2. dadurch 
gekeanzeiebner, dafi ah saurer Zonenaustauscber 30 
AmberEt* Puolhc, ICR 50, Dawex oder Geinisc&e 
davon vcrwende* werden. 
4. Verwcndung von saves lonceaus ran g chcr zur 
HeiwUung und Rcnrigung von Fludarabin- 
phosphaL 3$ 



40 



50 



55 



65 
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VERIFICATION OF TRANSLATION 



I, Melissa Stanford, a translator with Chillson Translating Service, 3530 Chas Drive, 
Hajnpstead, Maryland, 21074, hereby declare as follows: 

That I am familiar with the German and English languages; 

That I am capable of translating from German to English; 

That the translation attached hereto is a true and accurate translation of German 
Application 195 43 052.2 titled, b4 Process for the Production and Purification of Fludarabine 
Phosphate and the Use of Acidic Ion Exchangers in the Process;" 



That all statements made herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; 

And further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under Section 
1001 of Title 18 of the United States Code and that such willful false statements may jeopardize 
the validity of the application or any registration resulting therefrom. 




Executed this p day o; 



Witness, 
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GERMAN PATENT OFFICE 
(12) Lsicl-Open Specification 
(10) DE 195 43 052 A 1 

(21) File number: 195 43 052.2 

(22) Application date: 11/6/95 
(43) Date laid open: 5/7/97 
(51) Int. CI. 6 : 

C 07 H 19/20 
C 07 H 1/06 

(71) Applicant: 

Schering AG, 13353 Berlin, DE 

(72) Inventors: 

Tilstam, Ulf, Dr., 13359 Berlin, DE: Schmitz, Thomas, Dr., 10997 Berlin, DE; 
Nickiscb, Klaus, Dr., 12307 Berlin, DE 
(55) Citations: 

US 43 57 324 

The request for examination according to §44 of the Patent Law has been made 
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(54) Process for the Production and Purification of f ludarabine Phosphate and the Use 
of Acidic Ion Exchangers in the Process 



(57) The invention relates to a process for the production and purification of 
fludarabine phosphate and the use of acidic ion exchangers in the process. 



The following information is taken from the documents filed by the applicant, 3/23 

FEDERAL PRINTING OFFICE 3/97 702 019/406 
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DE 195 43 052 Al 
Description 

The invention relates to a process for the production and purification of 
fludarabine phosphate and the use of acidic ion exchangers for the production and 
purification of fludarabine phosphate. 

Fludarabine phosphate is the "International Nonproprietary Name" (INN) of 9H- 
purine-6-ammo-2-fluoro-9-(5-0-pho$pb 

phosphate. The first synthesis of the precursor of fludarabine phosphate, the 9-|J~D- 
arabinofuxanosyl-2-fiuoroadenine, is described in US-PS 4,188,378. This substance 
exhibits strong cytotoxic properties, and various derivatives of it were produced with the 
purpose of reducing side effects. Within US-PS 4,357,324, the 5*-pbo$pbate (prodrug), 
i.e., the fludarabine phosphate and its production, is described. In further publications, for 
example US-PS 4,210,745, WO 91/08215, WO 94/12514 and DE 41 41 454 Al, 
alternative production processes are described. 

The production method that is now used starts from 9-p-D-arabinofiiranosyl-2- 
fluoroadenine, which is reacted with trimethyl phosphate and phosphorus oxychloride 
(phosphorylation). These educts are reacted and then crystallized from water The 
temperature of about 75°C that is to be used in the recrystallization destroys a portion of 
the substance, since fludarabine phosphate is thermally unstable at this temperature. It is 
further disadvantageous that this recrystallization that is known from the prior art results 
only in a weak improvement of purity and the process results only in small batch sizes. 
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2 

The object of this invention is to provide an improved production and purification 
process that results in a considerably improved quality of fludarabine phosphate and that 
in an industrial-scale process can also be applied even to large amounts. 

This object is achieved according to the teaching of the claims. 

The described process for the production and purification of fludarabine 
phosphate starts from the crude product that is obtained by reaction of 9-p-D- 
arabinofumnosyl-2-fluoro adenine with trimethyl phosphate and phosphorus oxychloride. 
This crude product is reciystallized by recrystallization from demineralized water in the 
presence of 20-200% by weight of an acidic, carionic ion exchanger relative to ihe 
amount of fludarabine phosphate that is used and optionally the addition of activated 
carbon. 

The recrystallization advantageously is carried out at temperatures of 70-90°C, 
preferably 85-90°C, especially advantageously at 88°C. 

As acidic, cationic ion exchangers that are to be used, for example, Amberlite, 
Duolite, IRC 50, Dowex, or mixtures thereof are suitable. 

When using the process according to the invention, fludarabine is obtained in a 
considerably improved quality and with a total yield of over 70%. 

The following examples are to explain the invention in more detail. 

EXAMPLE 1 

100 g (27.4 mmol) of fludarabine phosphate is dissolved in 150 ml of water at 
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88°C and hot-filtered. The clear solution is cooled to room temperature and stirred for 3 
days to obtain a crystallizate from die gel, then it is suctioned off and washed with water 
and ethanol The crystallizate that is obtained is dried, 6.0 g (60% of theory). 

EXAMPLE 2 

10.0 g (27.4 ramol) of fludarabine phosphate is dissolved in 150 ml of water at 
88°C, and 15 g of ion exchanger A252 C is added. The solution is stirred with the 
exchanger for 8 minutes and then quickly filtered. The clear solution is cooled to room 
temperature. The crystal suspension is allowed to stand overnight at room temperature, 
then it is suctioned off, and the crystallizate is washed with water and ethanol After 
drying, 5.4 g (54% of theory) is obtained. 

EXAMPLE 3 

1 0.0 g (27.4 ramol) of fludarabine phosphate is dissolved in 150 ml of water at 
88°C, and 15 g of ion exchanger A252 C and 2 g of activated carbon are added. The 
mixture is stirred for 8 minutes and then quickly filtered. The clear solution is cooled to 
room temperature. The crystal suspension is allowed to stand overnight at room 
temperature, then it is suctioned off, and the crystallizate is washed with water and 
ethanol. After drying, 5,0 g (50% of theory) is obtained, 

EXAMPLE 4 

10.0 g (27.4 mmol) of fludarabine phosphate is dissolved in 150 ml of water at 
88°C, and 15 g of ion exchanger Duolite CU 33 is added. The solution is stirred with the 
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exchanger for 8 minutes, and then it is quickly filtered. The clear solution must come to 
room temperature by itself. The crystal suspension is allowed to stand overnight at room 
temperature, then it is suctioned o% and the crystallizate is washed with water and 
ethanol. After drying, 5.2 g (52% of theoiy) is obtained 

EXAMPLES 

20.0 g (54.8 mmol) of fludarabine phosphate is dissolved in 150 ml of water at 
88°C, and 4 g of ion exchanger IRC 50 is added. The solution is stirred with the 
exchanger for 8 minutes and then quickly filtered. The clear solution must come to room 
temperature by itself. The crystal suspension is allowed to stand overnight at room 
temperature, then it is suctioned off, and the crystallizate is washed with water and 
ethanol. After drying, 14.4 g (72% of theory) is obtained. 

EXAMPLE 6 

10.0 g (27.4 mmol) of fludarabine phosphate is dissolved in 150 ml of water + 
88°C, and 2 g of ion exchanger AXAD-7 is added. The solution is stirred with the 
exchanger for 8 minutes and then quickly filtered. The clear solution must come to room 
temperature by itself. The crystal suspension is allowed to stand overnight at room 
temperature, then it is suctioned off, and the crystallizate is washed with water and 
ethanol. After drying, 7.4 g (74% of theory) is obtained. 
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EXAMPLE 7 

10,0 g (27.4 mraol) of fludarabine phosphate is dissolved in 150 ml of water + 
88°C, and 15 g of ion exchanger Dowex SOX2-200 is added The solution is stirred with 
the exchanger for 8 minutes and then quickly filtered. The clear solution must come to 
room temperature by itself. The crystal suspension is allowed to stand overnight at room 
temperature, then it is suctioned off, and the crystallizate is washed with water and 
etbanol. After drying, 6.5 g (65% of theory) is obtained. 

CLAIMS 

1 . Process for the production and purification of fludarabine phosphate that consists 
of 9-p-D-arabinofuranosyl-2-fluoroadenine, trimethyl phosphate and phosphorus 
oxychloride, characterized in that the solid reaction product that is obtained 
(crystallizate) is recrystallized from demineralteed water in the presence of 20- 
200% by weight of an acidic, cationic ion exchanger, relative to the amount of 
fludarabine phosphate that is used and optionally activated carbon. 

2. Process according to claim 1 , wherein the recrystallization is performed at 
temperatures of 70-90°C. 

3. Process according to claims 1 and 2, wherein as acidic ion exchangers, Amberlite, 
Duolite, ICR 50, Dowex or mixtures thereof are used. 

4. Use of acidic ion exchanger for the production and purification of fludarabine 
phosphate. 
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